Background: The leaf-cutting ants appear to be a suitable group for studying the effect of global warming on ectothermic animals. These ants of the Atta and Acromyrmex genera are considered to be the main herbivores in the Neotropics. They have patterns of harvesting associated with ranges of temperature. Acromyrmex lobicornis has the widest geographical distribution in Argentina. Peak activity has always been recorded in spring and at the beginning of autumn, being slightly lower in summer when they forage at night, and activity ceases almost completely in winter. In order to evaluate how an increase in temperature affects the activity of A. lobicornis, we studied the amount of foraging and the trophic preferences in two treatments under controlled humidity and temperature conditions (Δ4.5°C) and we also measured the walking speed of the workers as a function of an increase in temperature (6°C to 32°C). Results: The rate of harvesting was 33% higher in the warmer treatment. There was a tendency for the ten forage items evaluated to be harvested at the higher temperature. The trophic preference, with or without heat, showed some variation for different items: the shoots of Olea europaea and the dry Schinus molle were the most harvested with heat and without heat, respectively.
Background
The climate change concept refers to a modification in the state of the climate that is identifiable by an alteration in the mean and/or in the variability of its properties that persists for a prolonged period of time, measured in hundreds of years (IPCC 2007) . Global warming is unequivocal, and a sequence of events over the last 100 years makes this evident: increase in mean global temperature of Earth's surface (+0.74°C), retreat of glaciers and permanent snow in high mountains, rise in the sea level, and increased frequency of events such as floods and droughts on a global scale (IPCC 2007) . Weather maps were made for Argentina according to the projections generated by the climate model developed by CIMA/CONICET (Nuñez et al. 2005 ). Using this model, the present climate, represented by the 1981 to 1990 decade, was compared with the 2081 to 2090 decade to show the trend in climate change in southern South America over the next 100 years (Nuñez 2009). The following greenhouse gas emission scenarios were highlighted: A2 and B2 (increasing emission of CO 2 intermediate between emission scenarios), A1F1 (more extreme), and B1 (with the least change) (IPCC 2001 (IPCC , 2007 . The emission scenarios A2 and B2 were selected to make the model, as they are intermediate between the scenarios proposed by IPCC (2001 IPCC ( , 2007 . Under scenario A2, the temperature shows a positive tendency for all geographic areas (although there is also seasonal variation); a marked N-S (north-south) gradient is seen with an increase in mean annual temperature of between 4°C and 4.5°C for the N of Argentina and between 2.5°C to 3°C and 2°C to 2.5°C for the center and S respectively, whereas for the Andes, there is a N-S gradient between 4.5°and 2°C. The extreme value was detected in scenario A2 in the spring with an increase of 6°C in the mean seasonal temperature in the N of Argentina. In scenario B2, the spatial distribution of warming is similar to scenario A2 but with values between 2.5°C to 3°C, 1.5°C to 2°C, and of 1°C for the N, center, and S of the country, respectively (Nuñez et al. 2005; Nuñez 2009 ).
Many studies have analyzed the biotic or abiotic factors that define the geographic gradients of the richness, diversity, and abundance of species, and in all cases, a priori, a positive correlation with the temperature is seen (e.g., Kaspari 2004; Kaspari et al. 2000a Kaspari et al. , b, 2004 Sanders et al. 2007; Buckley and Jetz 2008; Storch 2010) . The survival and reproduction of an organism are related to its capacity to become adapted to the limitations imposed by the environment, sometimes thermic, that directly affect the level of biochemical reactions, and interact with the physiology and behavior of the organism (Angilletta et al. 2002; Hochochka and Somero 2002) . The magnitude of which an environmental factor acts as a limit for the survival and reproduction of an organism is a function that varies according to the sensibility of the individual to the environmental factor, and in particular, the ectotherms are more closely related to variations in ambient temperature than organisms capable of regulating their body temperature through metabolism (Huey and Stevenson 1979; Angilletta et al. 2002; Cooper et al. 2008) . Thermoregulation is not exclusive to endotherms (May 1979) ; however, in general, for ectotherms there is an optimum temperature range and a narrow range of tolerance in which they are capable of carrying out their physiological functions, such as locomotion, growth, and reproduction (Huey and Stevenson 1979; Angilletta et al. 2002; Cooper et al. 2008; Deutsch et al. 2008) . Insects comprise the majority of terrestrial biodiversity (Bale et al. 2002) , and as ectotherms they are vulnerable to variation in temperature (Angilletta et al. 2002; Deutsch et al. 2008) . A common approach, seen in work on insects of the effects of temperature on their behavioral habits and physiological processes, is the study of functions such as locomotion (flight) and reproduction or growth rate (May 1979; Bale et al. 2002) . Habits that are linked to variation in temperature are the way they search for food and other forms of locomotion, e.g., walking over the ground (Vogt et al. 2003; Angilletta et al. 2008; Jumbam et al. 2008) .
Ants are the group most often used to study these interactions as they lack anatomical structures for flight, with the exception of the initial sexual state. Moreover, it is a taxon that shows variable feeding habits and different types of behavior, such as hunting, collecting (seeds and other dead animals), harvesting leaves, and cultivation of symbiotic fungi (Hölldobler and Wilson 1990) .
In general, ants forage (search and collect) when the ambient temperature is between 10°C and 40°C (Hölldobler and Wilson 1990) . Temperatures outside this range may be stressful, as they are close to the limits of thermic tolerance and survival (Bestelmeyer 2000; Hartley and Lester 2003; Angilletta et al. 2007; Jumbam et al. 2008; Bollazzi et al. 2008; Bollazzi and Roces 2011) . However, some species live in deserts, e.g., Pogonomyrmex spp. that forage with soil temperatures higher than 50°C (Pol and Lopez de Casenave 2004; Bucy and Breed 2006; Cole et al. 2010) . The soil temperature is directly related to the ambient temperature, especially in semiarid regions with a large percentage of bare ground (Hölldobler and Wilson 1990; Vogt et al. 2003) . The extreme temperatures are considered to be the most significant stress factor for ants in arid and semiarid regions. Temperature directly affects foraging activities due to its effects on oxygen consumption, water loss, and transport cost. However, several species of ants have become adapted to high temperatures and they show various strategies for enduring or avoiding these situations (Pol and Lopez de Casenave 2004; Cole et al. 2010) . Temperature is a key factor for different groups of ants that compete for resources at the same site, to such an extent that they become competitive, and there is a positive correlation between the dominant species in a community and the optimum temperature for foraging (Cerdá et al. 1998; Angilletta et al. 2007; Lessard et al. 2009 ).
The leaf-cutting ants appear to be a suitable group to test the hypothesis associated with global warming. This group is defined on the basis of its feeding habits and consists of Atta and Acromyrmex genera, the dominant herbivores of the Neotropics that can harvest up to 17% of the primary productivity (Hölldobler and Wilson 1990) . They have harvesting patterns associated with ranges of the following: specific temperatures for each species and their activity ceases outside those ranges (Hölldobler and Wilson 1990; Pilati and Quirán 1996; Bollazzi 2008; Bollazzi and Roces 2011) ; temperatures for the close regulation of cultivating symbiotic fungi -the protein source of the colony (Bollazzi and Roces 2010; Mueller et al. 2011) ; and territorial behavior (Hölldobler and Lumsden 1980) and aggressive behavior between colonies, associated with the dear enemy phenomenon (Fisher 1954; Dimarco et al. 2010 ). In the Attini tribe, Acromyrmex lobicornis Emery has the widest geographical distribution in Argentina, being found from the north down to the 44°S parallel in the province of Chubut (Kusnezov 1978; Farji-Brener and Ruggiero 1994) . Although its ample geographical distribution suggests that it harvests a wide variety of plant species, there are few studies on its diet in the different habitats where it is found (Farji Brener and Protomastro 1992; Pilati et al. 1997; Franzel and Farji-Brener 2000) . A. lobicornis behaves as a generalist species: it forages both monocotyledons and dicotyledons; it uses a wide range of species for cultivating the symbiotic fungus; it is an opportunist, taking advantage of food resources when they are available (spatially and seasonally). It also exploits habitats of low complexity and intense aridity, which has given it adaptive plasticity favoring its wide geographical distribution (Pilati et al. 1997; Claver 2000) . Variations may be observed in the harvesting patterns of the species linked to temperature, depending on the geographic locality, although they are close to those generally cited for ants, at 10°C to 40°C (Hölldobler and Wilson 1990) . Harvesting patterns in relation to soil temperature were recorded in two studies and the temperature ranges observed were 10°C to 40°C (Claver 2000) and 17°C to 28°C (Nobua Behrmann et al. 2010) , in both cases in the desert in the center of the Monte in the province of Mendoza, Argentina. On the other hand, in a study undertaken in the province of La Pampa, harvesting activity of A. lobicornis was seen over an ambient temperature range of 11.7°C to 22.6°C (Pilati and Quirán 1996) . In all cases, peaks of activity were recorded during spring and at the beginning of autumn, whereas activity ceases almost completely during the winter. Moreover, in summer their foraging behavior changed from diurnal to nocturnal harvesting, always within the determined temperature limits and the same as those recorded for daytime (Pilati and Quirán 1996; Claver 2000; Nobua Behrmann et al. 2010) . Likewise, in a study on Acromyrmex heyeri (Bollazzi 2008) , in anthills and underground, it can be seen how the soil and air temperature vary during the winter, autumn, and summer. There is hardly any difference between the maximum soil and air temperatures during the three seasons, but the minimum temperature of the air is 5°C to 7°C lower than that of soil over the whole period.
This study aims to increase the knowledge of two aspects of the biology of A. lobicornis in a controlled environment and of their interactions with the temperature. Each aspect of the effect of variation in temperature was analyzed separately: (a) to evaluate the harvesting activity, by offering different items normally harvested by the species in the area, under two treatments, with a difference in mean temperature of approximately 4.5°C (scenario A2); (b) to measure the magnitude of the modification in the locomotor activity (walking speed) of the workers, in function of a gradual increase in temperature (6°C to 32°C).
Methods

Study area
The field work was conducted on land belonging to the Departamento de Agronomía, with coordinates of 38°41′ S; 62°15′ W (Figure 1 ). Laboratory activities were carried out in the facilities of the Ant Study Group -CERZOS-CONICET, Universidad Nacional del Sur (UNS), Altos del Palihue 8000, Bahía Blanca.
Sampling and observations were conducted prior to the study in order to characterize the study area and to complement the theoretical information already collected. Table 1 .
Soil
The study site is in the lower valley of the Naposta stream, which is located at the distal end of the western plain surrounding the Ventania range. The valley was shaped during a humid paleoclimate whereby the slopes are very extensive in comparison to the current stream bed. The slope of the sector is 4% to 5%, simple, and running 150 m in a SW-NE direction. A description of a soil profile at 38°41′ S; 62°15′ W shows that materials are derived from wind-eroded sediments of moderately coarse texture. The morphology of the profile shows a succession of horizons (A)-C-Ck1-2Ckm (layer of coarse calcareous soil 'tosca' or petrocalcic horizon) and it is classified as a moderately deep coarse loamy, thermic, petrocalcic Paleustol. Its main limitations are related to its low chemical fertility (1% total OM), coarse texture (sandyloam), poor structure, low water holding capacity (70 mm in a depth of 1 m), a limited effective depth (tosca is found between 0.30 and 1 m), and high susceptibility to water and wind erosion (Bravo, personal communication).
Experimental design Foraging activity
The leaf-cutting ant A. lobicornis behaves as a generalist species, as it uses both monocotyledons and dicotyledons: as polyphagous, for the wide range of species used to grow the fungus, and as an opportunist, for its use of the available food sources and for adapting its patterns of activity to the seasonal conditions (Pilati and Quirán 1996; Pilati et al. 1997; Claver 2000; Franzel and Farji-Brener 2000) .
Construction of artificial nests
Glass tanks, 30-cm wide and 40-cm deep, were used for the nests. The top of the tank was closed with wood fiber board of the same dimensions as the tank, in which a rectangular door (15 cm × 25 cm) was cut. The door was closed using a stainless steel mesh (100 μm) sealed with a strip of 1 cm Velcro (stuck with contact cement to the perimeter of the mesh and on the perimeter of the opening in the chapadur) so that the mesh could be removed. Two plastic containers with lids were placed in each nest, one to serve as a feeder (14.3 cm × 14.3 cm) and the other for garbage (12.4 cm × 8.6 cm). In both cases, a tube (15-cm long and 3/4 in diameter, graduated every 1 cm) was placed as an entrance to the containers in order to measure the speed of the ants when foraging. Infrared 100-W lamps, regulated with a timer, were used to reach the required temperature, in successive sequences of 2 h on/2 h off.
Nest collection
In total, 22 nests were found at the study site of which 6 were empty. About 400 individuals were collected at random from 16 nests without making any caste distinction, so the percentage of workers collected was at random. No queens, larvae, eggs, or symbiotic fungi were found (with the exception of three nests where fungus was found) and therefore these elements were not included in the samples. A sample of earth and nesting material (approximately 2 kg) was taken from each nest so that the workers could build new (artificial) nests. About 2 g of symbiotic fungus from a larger nest near to the study area was added to each nest. The sample of fungus was previously wetted with distilled water to decrease the pheromones associated with the original colony to some extent, thereby avoiding any possible rejection of the fungus (Lambardi et al. 2007; Richard et al. 2007; Poulsen and Boomsma 2005) . Twenty days later, we replenished the populations of the nests with between 100 and 400 workers, depending on the mortality rate in each nest. At the same time, we added a second sample of symbiotic fungus, 2 g for each nest, to make sure that there was some fungus present. The observations were started a week later. Values of mean, maximum, and minimum temperature (T med, T max, and T min) were measured in degrees Celsius, precipitation in millimeter, and wind speed (Ws) in kilometer per hour. D. Dom is the direction of the prevailing wind.
Forages
The selected items for the experiment were the same plant species used by A. lobicornis where it normally feeds in its natural habitat (Table 2) .
Treatments
Two treatments were used to study the interactions between a given range of temperatures and the foraging activity of A. lobicornis:
Tamb: ambient temperature Tamb+: ambient temperature +4.5°C
Both treatments were subjected to natural variations in temperature (daily and seasonal), which define the temperature ranges in each treatment (range = mean temperature of the treatment [±] n degrees). The experiment was performed during spring 2011 in an observation chamber, which is an 'open' room with temperature fluctuations similar to the exterior temperature. The difference of 4.5°C between treatments is measured as the amplitude between the mean temperatures in each treatment. The range of temperatures for each treatment was recorded once a minute throughout the experiment. A Campbell 21X datalogger (Campbell Scientific Inc., North Logan, UT, USA) connected to a PC was used to record the temperatures.
Each treatment was applied to eight experimental units (e.u.) selected at random. Ten forage items were offered and a photoperiod of 12/12 h was used (Valderrama et al. 2006) .
The rate of foraging under each treatment was measured and also for each forage item individually, by counting the units of each item harvested from the feeder. Twenty portions of each item were provided. Every 3 days, the forage items were replaced with fresh material and the number of units of each forage type harvested was counted. In total, ten measurements were taken (repetitions). After each repetition, the nests were wetted using a spray bottle, with approximately 75 ml water per nest, which gave a relative humidity of between 60% and 65% (90% after wetting) for nests in the Tamb treatment and 40% to 50% (85% after wetting) for Tamb + .
The graduated tubes at the entrance of each feeder, previously described, were used to measure the walking speed in the harvesting trial. Measurements were made of the walking speed of unladen workers in centimeter per second without making any distinction of subcaste. The walking speed of five workers per nest was measured (these values were then averaged to give a walking speed per nest for each repetition (n = 10)), and the procedure was repeated at the same time as the replenishment of material and measurement of harvest per forage item.
Temperature of the treatments
The range of temperatures in the observation room for the Tamb treatment was between 19.5°C and 22.9°C, with a mean temperature for the whole period of 21.7°C; for the Tamb + treatment, it was between 22.2°C and 30.1°C, with a mean temperature for the whole trial of 26.4°C. The variation in the mean temperature for each treatment during the trial and also the maximum and minimum temperatures reached in each treatment were recorded.
Both treatments were affected by seasonal variation in temperature, however, the mean temperature of the heat treatment was always higher than the mean for the treatment at ambient temperature, with an average temperature range of 4.5°C (±0.75°C).
Locomotor activity
In order to establish the effect of temperature on walking speed, the speed was measured at ambient temperatures between 6°C and 32°C, which are below and above the activity range of 11.7°C to 28°C cited for A. lobicornis (11.7°C to 22. 6°C Pilati et al. 1997 and 17°C to 28°C Nobua Behrmann et al. 2010) . A brood chamber was used to reach the desired temperature in each case.
Individuals were collected from a colony at the study site. The nest was built from a 20-l plastic container, closed on top by a perforated lid to allow ventilation, and two 1-l containers were added (as feeder and garbage), connected to the main container by graduated (every 1 cm) tubes 15-cm long, with 3/4 in diameter.
The new colony included a queen and symbiotic fungus from the original colony. A 12/12 h photoperiod was used (Valderrama et al. 2006) , and the colony was fed on fresh petals of Pelargonium hortorum (collected the same day) during the trial.
The walking speed of unladen workers (cm/s) was measured at a range of temperatures between 6°C and 32°C, at 2°C intervals, taking 30 measurements per 
Statistical analysis
Data for the quantity and speed of foraging and forage preference were analyzed with non-parametric models, after carrying out normality homoscedasticity testsShapiro-Wilks and de Levene, respectively -required for parametric models (Balzarini et al. 2008 (Balzarini et al. 2008 ). Analysis of the ants' walking speed (cm/s), in function of a gradual increase in the ambient temperature (6°C to 32°C), was performed using simple polynomial regressions (grades 2, 3, and 4). A logarithmic transformation to base 10 was previously applied to the data to comply with the supposed requirements of the model. The results are presented without transformation to facilitate their interpretation.
Results
Foraging activity
The rate of harvesting was 33% higher under the treatment of ambient temperature +4.5°C (Tamb+) (W = 95, p = 0.03) when all foraged items were considered together. The patterns of harvesting by A. lobicornis showed variable levels of preference between the different items, both in the ambient temperature treatment (Tamb) (H = 54.7, p = 0.0001) and in the Tamb + treatment (H = 52.5, p = 0.0001). In both treatments, Piptochaetium napostaense (leaf) was the least harvested item, and Prunus cerasifera (petal) the most harvested (Figures 2 and 3) .
All ten forage items used in the study were harvested in greater proportion under heat treatment ( Figure 4A ,B,C, D,E,F,G,H,I,J), and significant differences between treatments were found in four of them: Diplotaxis tenuifolia (W = 95, p = 0.0026) ( Figure 4B) ; Olea europaea shoot (W = 99, p = 0.0003) ( Figure 4D ); Rhynchosia senna (W = 90, p = 0.0207) ( Figure 4G) ; Schinus molle mature (W = 87, p = 0.0457) ( Figure 4H ). On the other hand, there were no differences between treatments for two of the forage items: Piptochaetium napostaense (W = 69, p = 0.9394) ( Figure 4E) ; P. cerasifera (W = 68.5, p > 0.9999) ( Figure 4F ). Two items were offered in two different states: O. europaea (mature and shoot) and S. molle (mature and dry). The shoots of O. europaea were harvested in greater proportion than the dry material in both treatments (Figures 2  and 3 ), although the difference was only statistically significant (H = 52.5, p = 0.0001) under the Tamb + treatment (Figure 3) . However, the dry material of S. molle was harvested in greater proportion than the mature in both treatments (Figures 2 and 3) , although it was only statistically significant (H = 54.7, p = 0.0001) under the Tamb treatment (Figure 2 ).
Locomotor activity
In the foraging speed trial, higher walking speed was observed in the Tamb + treatment (2.40 cm/s) than in Tamb (1.89 cm/s) (W = 99, p = 0.0003) ( Figure 5 ).
The mean speed of the workers gradually increased in function of an increase in the temperature, up to a maximum speed of 2.85 cm/s at 22°C, and then it gradually decreased up to 32°C (Figure 6 ).
Discussion
Foraging activity
The leaf-cutting ant A. lobicornis is considered as a generalist species in regard to its choice of forage plants (Pilati et al. 1997; Claver 2000; Franzel and Farji-Brener 2000) . However, if the percentages for each item harvested in our study over the total biomass foraged in both treatments are taken into account, we can define a variable level of preference for each forage item harvested.
The results observed, which show a selective rate of harvesting of certain items, can be explained by two hypotheses. The first is related to chemical defenses present in certain plants that have a variable content of components which are toxic or disagreeable to ants (tanins, alcaloids) (Farji Brener and Protomastro 1992; Franzel and Farji-Brener 2000; Caffarini et al. 2008) . This assumes that the presence of components that are disagreeable to ants in a forage item would lead to a lower harvesting rate of this item. The second hypothesis refers to the balance that exists in every plant species between components that are degradable and nondegradable by the symbiotic fungus (Pilati et al. 1997; Gomes de Siqueira et al. 1998; Franzel and Farji-Brener 2000; Abril and Bucher 2004; Bucher and Marchesini 2004) . The nutritional interactions between the fungus (Leucoagaricus) and the ants are largely unknown, although it appears that there may be enzymatic contributions from both symbiotic partners in the degradation and processing of the collected plant material (Richard et al. 2005; Erthal et al. 2004 ). Plant components which symbiotic fungi are not capable of degrading are the following: hemicellulose, cellulose, lignin, and silicon; and the degradable components are the following: soluble carbohydrates (cotton and xylose), phenols, and pectins (according to the enzymatic activity of the fungus) (Gomes de Siqueira et al. 1998; Abril and Bucher 2004; Bucher and Marchesini 2004; De Fine Licht et al. 2009 ). This hypothesis assumes that the forage items with less compounds that are not degradable by the fungus would have higher harvest rates. The first hypothesis does not explain the case of the S. molle item, since the level of preference was intermediate due to its high content of essential oils that have a repellent and toxic effect (Iannacone and Lamas 2003; Werdin González et al. 2008 ). The second hypothesis seems to explain better the differential preference between different forage items. This hypothesis, for example, confirms that when two forage items Cynodon dactylon and P. napostaense are compared, they show high and low levels of preference, respectively. There are different assays for qualifying the forage value of a plant, such as NDF analysis (Neutral Detergent Fiber), which indicates the percentage of insoluble components from plant cell walls present in a solution of neutral detergent (basically cellulose, hemicellulose, lignin, and silicon). The values recorded for these species are up to 76% for C. dactylon and up to 82% for P. napostaense (Van Soest 1994; Juárez Reyes et al. 2009 ). Moreover, it should be noted that C. dactylon is described as a tropical grass and P. napostaense as temperate and, in general, tropical grasses have higher NDF values than those of temperate climates since more metabolic energy is invested in the supporting and conducting tissues than in reserve tissue. These values support the idea that the higher the content of components non-degradable by symbiotic fungi, the lower the level of harvesting preference by the workers. On the other hand, the item with the highest harvesting rate was petals of P. cerasifera that has a low content of cellulose, lignin, and hemicellulose which are abundant cell wall components, e.g., in supporting and conducting tissues, and are more developed in stems and leaves (Bidwell 1993) . Leaf-cutting ants show foraging preference for young plant tissues, e.g., the apical meristems of young plants, either due to the low content of cellulose and lignin or defense chemicals (Saluso and Xavier 2010) , which we could also confirm in our study, as seen in the higher harvesting rate of O. europaea in the form of leaves from a shoot (11%) in comparison to mature leaves of the same species (4.3%). This phenomenon is in agreement with that observed in the quality analysis of forage plants. The content of proteins and insoluble fibers (cellulose, hemicellulose, and lignin) varies in each plant according to its state of maturity (phenological stage). The young plants possess a high content of proteins and low content of insoluble fibers in comparison to mature plants in which the protein content is lower and the content of insoluble fibers associated with conducting and supporting tissues is increased (Van Soest 1994; Juárez Reyes et al. 2009 ). This high content of proteins in leaves and young organs, compounds that are degradable by the symbiotic fungus, and the low insoluble fiber content that the fungus is not capable of degrading successfully might explain why the workers harvest these types of forage items preferentially. It should be clarified that all the forage plants had been harvested by ants in the field during the study. Moreover, the length of the trial was too short to assume any positive signal on the part of the fungus as feedback from the workers on what they harvested. In the leafcutting ants in particular, the environmental element that activates a 'positive signal' for harvesting originates in the symbiotic fungus cultivated by the colony and there is a positive correlation between the plant materials harvested by the workers and the capacity of the fungus to metabolize it (Saverschek and Roces 2011) .
When we analyze the harvesting rate by treatment, we can see that the magnitude of harvest for all forage items was greater under the +4.5°C (Tamb+) ambient temperature treatment. These observations are in agreement with the harvesting patterns of A. lobicornis and its relationship with temperature observed by Pilati and Quirán (1996) . In the Tamb + treatment, with an ambient temperature range of 22.2°C to 30.1°C, it was seen that the harvesting rate of all items together was 1/3 greater than for the ambient temperature range of 19.5°C to 22.9°C. Harvesting patterns have been seen for variable temperature ranges for this species: at an ambient temperature of 11.7°C to 22.6°C (Pilati and Quirán 1996) and a soil temperature of 10°C to 40°C (Claver 2000) and 17°C to 28°C (Nobua Behrmann et al. 2010) . A temperature range appears to be a variable that predicts the foraging activity in the best way when the harvesting activity of a species is defined a priori. A. lobicornis is an opportunist leaf-cutter that harvests a large variety of plant species (Pilati and Quirán 1996; Pilati et al. 1997; Claver 2000; Franzel and Farji-Brener 2000) and it does so under specific climatic conditions (Pilati and Quirán 1996; Quirán and Pilati 1998; Claver 2000) . Studies that analyze competitive interactions between species of ants that forage at the same site point out that they compete for a temperature range that is optimum for their foraging activity (Cerdá et al. 1998; Lessard et al. 2009 ). If we define a harvesting temperature range for A. lobicornis of 11.7°C to 40°C, as cited in different places, we can see that the Tamb + treatment lies between the mean temperature of this range (25.9°C) and the upper limit (40°C). The results obtained in our study assert that the maximum harvesting rate occurs at the highest temperatures within the optimum temperature range (Pilati and Quirán 1996) . The highest foraging rate in the higher temperature treatment can be attributed to an effect of the harvesting activity within the upper portion of the optimum harvesting temperature range cited for the species.
Comparing both treatments (Tamb and Tamb+), in the analysis of the rate of harvesting for each forage item, three situations were observed: (1) P. napostaense and P. cerasifera were the least and most harvested items, respectively, and there was no variation in the (See figure on previous page.) Figure 4 Harvesting percentages of the ten forage items and differences in foraging rate. Harvesting percentages of the ten forage items and differences in foraging rate (in proportions) under each treatment for each item, with the associated SE in each case. foraging rate due to the difference in temperature; (2) The difference between treatments was not significant for four of the items of intermediate preference; (3) For the remaining four items of intermediate preference, there was a significant difference between treatments. It can be said a priori that the items of intermediate preference are harvested differentially according to the ambient temperature; but for the highest and lowest levels of preference, no link was detected between the harvesting rate and the variation in temperature. However, if we take the percentages of each item harvested into account for both treatments together and we put the percentages of foraging over the total biomass harvested into order, we can see the exceptions: D. tenuifolia and O. europaea (shoot) that correspond to 5.8% and 11% of the total biomass harvested, respectively, showed differences under both treatments. If we define a gradient of foraging preference for the ten forage items, we find that D. tenuifolia and O. europaea (shoot) are placed in the lowest and highest preference levels, respectively. On the other hand, if we consider S. molle (mature) and Solanum sisymbriifolium that correspond to 9.7% and 10.1% of the total biomass harvested, respectively (a more intermediate level of preference), the differences in harvesting rate between both treatments were not significant. Moreover, if we consider the difference in harvesting rates between treatments for each item (in percentages), the value that separates the three groups or situations previously described is only 2 or 3 units. In conclusion, it would be correct to assert that the differences in the rates of harvesting for each forage item under each treatment, whether significant or not, may be an artifact of the experiment and a chance effect, but it can also be stated that the forage rate is greater when there is an increase in temperature when referring to all the items together, although this difference is not seen for each individual foraged item.
Lastly, when we look in particular at the two plant species that were presented in two different forms, O. europaea (shoot and mature) and S. molle (mature and dry), in both cases, the harvesting differential at different temperatures may be in response to the needs of the colony. O. europaea (shoot) was harvested in greater proportion in both treatments, being only statistically significant under the higher temperature treatment. This might be due to the behavior of the workers, as the colony expands when the temperature is elevated and nutritional needs are prioritized (Pilati et al. 1997) . On the other hand, in the case of S. molle, in which the dry state was harvested in greater proportion at lower temperatures, it may be that the ants were harvesting chaff for the construction of an anthill to protect the nest during the low winter temperatures, which occurs in autumn when the ambient temperature starts to drop (Pilati et al. 1997; Bollazzi 2008; Perez 2009 ).
Locomotor activity
Two trials on the walking speed of the workers were performed in this study. The first was carried out during the trial on foraging activity when the walking speed was measured under two temperatures separated by an average thermic amplitude of 4.5°C. The second was designed with the measurement of walking speed as the only objective, when the way in which the walking speed changes under a gradient of ambient temperature (6°C to 32°C) was evaluated. In the first trial, it was shown that a thermic amplitude of 4.5°C is sufficient to increase the walking speed of the workers by more than 20%. The walking speed of the workers of A. lobicornis increases as the ambient temperature increases, up to a given maximum, and then it starts to drop as the ambient temperature continues to rise. This phenomenon has also been seen in other ant species in a similar pattern, although the maximum speed may be reached at different temperatures Bollazzi and Roces 2011) . Ants from different species or colonies that forage at the same site compete for resources, as well as for the ambient temperature in which they carry out their foraging activity, the dominant species foraging within the most suitable ranges of temperature for the activity (Cerdá et al. 1998; Lessard et al. 2009 ). In this way, an equilibrium is established when different groups forage at different times of the day, since each group is active within a determined temperature range and small variations of a few degrees do not alter the foraging activity (Chambers 2011) . A. lobicornis forages in a temperature range of 10°C to 40°C either by day or by night (Pilati and Quirán 1996; Claver 2000; Nobua Behrmann et al. 2010) . The results obtained show that for this species that harvests within a range with a 30°C amplitude, a difference of 4.5°C is a sufficient thermic amplitude to make a significant change in the walking speed of the workers. In the second walking speed trial, with similar sizes of workers, the walking speed was seen to increase up to a maximum between 22°C and 24°C, after which it began to drop down. As has already been said, this pattern of walking speed, which can be associated with foraging activity, is similar for different species, but the maximums are reached at different temperatures. This behavior might be explained by two hypotheses. The first refers to the thermic tolerance range of each species. However, the second hypothesis assumes that the competitive interactions between different groups of ants at the same site define the temperature range within which each species forages and so the walking speed is associated with this activity (Cerdá et al. 1998; Lessard et al. 2009 ). On the basis of the first hypothesis, we can mention the example of thermic tolerance and the range of activity of two ant species, Atta sexdens and A. lobicornis, which have similar thermic tolerance ranges. However, the former species reaches its maximum walking speed between 6°C and 8°C higher than the latter species (Pilati and Quirán 1996; Claver 2000; Angilletta et al. 2007 Angilletta et al. , 2008 Nobua Behrmann et al. 2010) . The thermic tolerance differential per species does not explain satisfactorily why each group of ants reaches its maximum walking speed at different temperatures. So the second hypothesis appears to give a possible explanation for the differences between the species, but it cannot be put to test without observing the patterns of foraging of the ant species present in the study area and how they relate in respect to the temperature and to each other. The efficiency with which the workers carry out the foraging activity might be related to the size of item that each worker carries (Quirán and Steibel 2001; Bollazzi and Roces 2011) . Although we could also relate it to the walking speed of the workers, as the foraging efficiency of a species not only depends on the size of item carried by the workers but also on the speed at which it is transported to the nest. In this study, we were able to see that as the ambient temperature increased the workers' harvesting for more forage (1/3 more plant biomass for a difference of 4.5°C), and moreover they moved at a greater speed up to a maximum at a determined temperature (22°C to 24°C) and then began to move more slowly from then onwards. Therefore, it could be said that an increase in the ambient temperature up to around 25°C increases the harvesting efficiency of A. lobicornis. Since the temperature in summer is often above this level but it is not reached during the winter, global warming will have the tendency to make a significant impact on the harvesting activity of this species in late autumn and early spring.
The speeds differed according to the experiment (foraging and walking activities); when the temperature was around 22°C, the speed was higher in the walking experiment and at 26°C it was the opposite. This can be explained by the fluctuation in ambient temperature in the foraging experiment, similar to the outside (maximum day temperature and minimum night temperature). This amplitude allows the workers to rest when the temperature is high. On the other hand, in the speed experiment, the workers were in a chamber at a constant temperature each day (day and night).
Ants are ectothermic and they are directly affected by the ambient temperature when outside their nests (Bale et al. 2002; Angilletta et al. 2002; Deutsch et al. 2008 ). However, they can actively control the microclimate inside their nests by alleviating, isolating, or holding back the heat with their characteristic structures (Quirán and Pilati 1998; Kleineidam et al. 2001; Bollazzi and Roces 2007) . So, species of Acromyrmex have developed specific mechanisms to control the microclimate of the nest, creating thermic stability which allows them to live under extreme conditions of humidity and temperature (Quirán and Pilati 1998) . The workers can move the fungus gardens to the most appropriate areas in the nest and change the architecture which has an affect on the ventilation (O 2 -CO 2 exchange) (Kleineidam et al. 2001; Bollazzi and Roces 2007) and stir up the soil around the nest which increases its porosity. Moreover, as the soil density is decreased, it favors the infiltration of water and gaseous exchange (Quirán and Pilati 1998; Kleineidam et al. 2001) . In both experiments undertaken in this study, the capacity of the ants to move the fungus and to remodel the nest was limited; however, the aim of this study was principally to measure the effects of temperature on activities outside the nests.
Conclusions
The projections generated for the climatic model by CIMA/CONICET show an increase in temperature of between 2°C and 4.5°C in the next 80 years for the region that extends from the north of Argentina to the north of Patagonia. The geographic distribution of A. lobicornis within Argentina is from the north of the country to the 44°S parallel. In our study we observed that an increase of 4.5°C in the ambient temperature was sufficient to make an impact on the activity of leaf-cutting ants: -Higher rate of harvesting (33% higher) -Significantly faster walking speed (27% higher)
If we consider all the facts discussed in this study together (plasticity in the diet of leaf-cutting ants, harvesting a wide variety of plant species -monocotyledons and dicotyledons; a preference for harvesting young leaves with a low percentage of cellulose, hemicellulose, lignin, and waxes; highly capable of becoming adapted to different sites and climates; behavioral habits that allow it to become adapted to a variation in ambient temperature; and a citation of the species in the N of Patagonia where the ambient temperature is a limiting factor for the species), in the face of a global warming scenario, with an increase in temperature of between 2°C and 4.5°C for this area, it can be seen that this species might become a pest of greater magnitude (Perez 2009, although currently described as a moderate pest by Fowler et al. 1986 ), foraging not only on crops and forest plantations but also with increased foraging pressure on native plant species. It could also become more competitively aggressive to other animal species that forage in the same area as A. lobicornis.
